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物种的基因组数据库，共 47 个同源基因构建脊索动物 Hsp70 基因家族系统







选到 1 个含有文昌鱼 Hsp70 基因（AmphiHsp70）的 BAC(Bacterial artificial 
chromosome)克隆 69-21B，并对该 BAC 克隆进行了测序分析。结果显示该克隆
的插入片段为 110,518 bp，包含一个 AmphiHsp70 完整的编码序列，另外还有 7
个已确定的编码基因。然而，在佛罗里达文昌鱼基因组数据库中搜寻这 8 个基
因发现，它们分布于 4 个不同的 Scaffold 中，进一步分析可排除基因组序列
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系，一定程度上反映了 2 种文昌鱼分歧后产生了较大的遗传分化。 
我们进一步用 31℃、34℃和 37℃热激分别处理实验室养殖的白氏文昌鱼
0.5 h 后，立即提取各处理组样品的总 RNA 并反转录成 cDNA,采用 Real-time 
PCR 检测 AmphiHsp70 表达水平变化。结果显示经过热激处理后，受试动物的
AmphiHsp70 表达量相比正常生长条件(20±2℃)下的表达水平呈现不同程度的上
调，其中 34℃处理的样品 AmphiHsp70 表达量约为未热处理样品的 1670 倍， 不
过 37℃处理的文昌鱼中的 AmphiHsp70 表达量虽上调了约 250 倍，但比 34℃热
处理的样品却低了许多。尽管如此，实验结果表明 AmphiHsp70 属热诱导型基因，
提示其上游启动子可以通过热诱导启动下游基因的表达。 
BAC 克隆 69-21B 测序使我们获得了白氏文昌鱼 AmphiHsp70 上游约 1.2 kb
的 非 编 码 序 列 ， 经 BDGP(http://www.fruitfly.org/seq_tools/promoter.html) 及
TESS(http://www.cbil.upenn.edu/cgi-bin/tess/tess)预测，该片段包含了一个核心启
动子区域，四个热休克元件(Heat shock element, HSE)、CAAT-box、SP1 binding 
site 等主要转录元件。根据转录元件所在的区域，分别克隆了 AmphiHsp70 翻
译起始位点上游七个不同长度的片段 P1、P2、P3、P4、P5、P6 和 P7，其中
P1、P2、P3、P4 位于翻译起始位点上游，P5、P6 和 P7 位于转录起始位点上
游。将这七个片段分别载入含 GFP 报告基因表达载体 pAcGFP1-1，转染鲤鱼
上皮瘤细胞系（Epithelioma Papulosum Cyprini, EPC），结果显示转染重组质
粒 P5、P6 和 P7 的 EPC 细胞都无 GFP 表达，而转染重组质粒 P1、P2、P3、
和 P4 的 EPC 细胞都有强烈绿色荧光信号表达，说明了发挥 AmphiHsp70 启动
子功能的区域位于翻译其始位点与转录起始位点之间。此外我们将重组质粒 P1
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Functional study on AmphiHsp70 promoter in amphioxus 
Branchiostoma belcheri 
Abstract 
Amphioxus, an important transitional group of invertebrate and vertebrate, 
shares a fundamental body plan, maximum retention the genomic content of the 
chordate primitive ancestor, and has a similar vertebrate-like embryonic development. 
It has been regarded as an ideal model organism in developmental and evolutionary 
biology. Currently, the modeling of amphioxus has made a series of progresses, but 
the methods about its gene function are deficient, many techniques used in other 
model animals are temporarily not carried out in amphioxus. We aims to develop the 
molecular expressional system related to the gene functional researches in amphioxus. 
Heat shock protein 70 (Hsp70) gene family was highly conserved during the 
evolution history, they took part in the self-protection among the stress state as the 
mainly molecular chaperone members, and involved in promotion cell proliferation, 
anti-apoptosis, immune, etc. The inducible Hsp70 members might express at a hight 
level that were induced by the environment stress factors, so their promoters were 
isolated for regulation gene expression and gene targeting treatment. 
In the present research, we searched genomic databases of Homo sapiens, Mus 
musculus, Xenopus laevis, Danio rerio, Branchiostoma floridae and Ciona intestinalis, and 
constructed a phylogenetic tree of Hsp70 gene family with 47 homologous genes in 
chordates. The tree was composed of two subfamilies, DnaK and STCH. Among the 
DnaK subfamily, cytoplasmic, ER-resident, mitochrndrial Hsp70 genes were further 
divided according to their products’ location. After searching on the genomic database 
of Branchiostoma floridae (http://genome.jgi-psf.org/), we found out homologous 
genes belong to the groups of DnaK subfamily but not to the groups of STCH 
subfamily. And among them, we found a homologue of vertebrate heat-inducible 
Hsp70. Using a pair of conserved primer, we screened the genomic library of 
Branchiostoma belcheri and obtained a positive BAC clone 69-21B containing 
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has 110,518 bp in length and contains a complete Hsp70 encoding region and 7 
other genes. Gene locus comparison between B. belcheri and B. floridae revealed 
that these 8 genes have not complete synteny in this two species because the 
genomic position of these genes distribute in 4 different scaffold of B. floridae 
genomic database. These observations indicated that a high genetic 
differentiation generated after the two amphioxus separation 
Additionally, we stimulated animals at 31℃, 34℃ and 37℃ for 0.5 h later and 
then, immediately extracted total RNAs from homogenized individuals and 
synthesized cDNA using the RAN templates. Detection of real-time quantitive PCR 
revealed that AmphiHsp70 expression increased about 1670 folds in 34℃ heat 
treated animal compare to the control and about 250 times in 37℃ stimulus 
amphioxus against the control. The results demonstrated that AmphiHsp70 was an 
heat-inducible gene and its promoter could drive downstream gene expression by heat 
stimulation 
The sequencing of the BAC clone disclosed the upstream sequence information 
of AmphiHsp70 gene. This region is a 1.2 kb untranslated sequence containing one 
core promoter region, four Heat Shock Elements (HSEs), one CAAT-box and one 
Sp1 biding sites according the deduction using 
BDGP(http://www.fruitfly.org/seq_tools/promoter.html) and TESS(http://www.cbi.- 
upenn.edu/cgi-bin/tess/tess). We cloned seven segments of the upstream region and 
named them P1, P2, P3, P4, P5, P6 and P7. Among these segments, P1, P2, P3, P4 
were located upstream of transcription initial site, the others were strated at translation 
initial site. Recombining those segments with vectors that possess GFP report gene, 
we implement the promoter functional test in EPC (Epithelioma Papulosum Cyprini ) 
cell line. The results displayed that cells transfected with plasmid P5, P6, P7 hardly 
expressed GFP, and  cells transfected with plasmid P1, P2, P3, P4 all had intensive  
fluorescent signal. It suggested that the key region of exertion AmphiHsp70 promoter 
function was located from translation start site to transcription initial site. Additonal, 
we injected zebrafish embryos with plasmid P1, the result showed that P1 may drived 
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promoter region obtained in the present study will be a powerful tool for gene 
function investigation of amphioxus. 
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个 Hox 基因，形成四簇，分别位于 4 个染色体上，而文昌鱼中存在 15 个 Hox 基
因，只形成一簇且位于 1 个染色体上[16]，据此推测脊椎动物的 4 个 Hox 基因簇
是由文昌鱼单一的 Hox 基因簇通过 2 次大片段基因组复制产生。系统的比较研
究揭示了脊椎动物原始祖先的 Hox 基因簇中只有 13 个 Hox 基因，形成一簇，基
因排列顺序与文昌鱼的前 13 个 Hox 基因一致，在头索动物分歧后，脊椎动物的
Hox基因簇经两次复制形成 4簇，同时在倍增过程中伴随着部分基因成员的丢失，
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化中的保守性，对不同物种之间进行比较有可能弄清这些基因是如何引起不同物
种之间形态变化的。果蝇和线虫作为无脊椎动物的模式物种进行发育生物学研究
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和 Sim 等。文昌鱼脑泡发育主要受 Otx 基因的表达调控，该基因在脑泡中表达区
域的前端一直延伸到漏斗器，后端表达区域与 Dll、Pax6 和 Sim 等基因的表达区
域重叠[22-25]；脊椎动物 Otx 基因在神经系统中表达于正在发育的前脑和中脑中，
而 Sim 基因是间脑后端和中脑发育的标记基因，Bf-1 和 Dll 基因是前脑和部分间
脑发育的标记基因。从以上这些基因在脊椎动物和文昌鱼中的表达情况看，文昌
鱼的脑泡可能与脊椎动物的前脑、间脑和后脑同源[22]。研究发现在文昌鱼神经胚





在 11 与体轴形成 Wnt 家族成员[12, 29-31]，其中 Wnt1、Wnt3～6、 Wnt7b 、Wnt8
和 Wnt11 这 8 个成员研究的比较较多，它们都在原肠胚时期启动合子表达，而且
都在胚胎后端的胚孔附近表达。不同的 Wnt 基因在不同时期表达的区域又略有差
别，如神经胚早期，除 Wnt3 和 Wnt7b 表达在神经外胚层，其余都在胚胎后端的
中胚层或内胚层表达。通过与脊椎动物同源Wnt基因比较分析，推测文昌鱼Wnt1，
Wnt3，Wnt7b，Wnt8 是通过经典的 Wnt/ β-cateninn 信号通路参与体轴的形成，而
Wnt4，Wnt5，Wnt6，Wnt11 是通过非经典 Wnt 信号通路参与反应，同时参与这
两种不同信号通路的部分 Wnt 基因成员有着相拮抗的表达谱[32]。Wnt 基因的拮抗
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端表达，形成前低后高的 Wnt 信号浓度梯度， 终确定胚胎发育的两个末端区
域，即前后轴形成[33, 34]。Holland 等[35]用 Li+处理使文昌鱼 β-catenin 过激活，发
现在晚期囊胚期之前用 Li+处理胚胎并未引起体轴发育的明显变化，而 Li+处理晚
期囊胚，能明显引起神经板的丢失和体轴发育的后部化，充分说明了















氨酶 (alanineaminotransferase AAT)、抗凝血酶 (antithrombin AT)和纤溶酶原
(plasminogen Pg)等。免疫组织化学方法证明文昌鱼中合成 Vg 的组织是肝盲囊
[40]。同样，文昌鱼中合成 AAT、AT 和 Pg 的主要组织也是肝盲囊[41-43]。显然，
就肝脏特异性蛋白的合成来说，文昌鱼肝盲囊和脊椎动物肝脏具有相似性。脊椎
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